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Rutin gastroprotectionHydro-alcoholic extracts from leaves of Camellia sinensis (green- and black-tea leaves) were submitted to a
fractionation, promoting the compound separation according to their polarity, and analyzed by ultra-high
performance liquid chromatography–mass spectrometry. A wide range of compounds could be identiﬁed,
such as catechins and their gallate (esters) or oxidation derivatives (theaﬂavins), glycosylated ﬂavonoids
and other phenolics, as well as lipids, saponins and alkaloids. Also have been developed, via bio-guided
examination, the gastroprotective property of the compounds identiﬁed. The samples were assayed using
the model of acute gastric lesions induced in rats by ethanol. Hydro-alcoholic extracts of green-tea and
black-tea protected the gastric mucosa with ED50 = 3.6 and 10.2 mg/kg, respectively, with participation of gas-
tric mucus and reduced glutathione (GSH). The ethyl acetate fraction from green-tea and aqueous fraction from
black-tea were, respectively, 6 and 10 times more effectiveness than the initial extracts. Moreover, the
epigallocatechin gallate (EGCG, 0.204 mg/kg), a main component of ethyl acetate fraction from green tea, reduced
the gastric lesion by 56% and restored themucus levels, however the rutin (0.0133 mg/kg), a ﬂavonoid found in the
most active fraction of black-tea, was less signiﬁcant at the natural concentrations. These results have conﬁrmed
that the different compounds present in green- and black-tea hydro-alcoholic extracts and partitioned fractions
produce relevant gastroprotection mainly via maintenance of the protective factors, mucus and GSH.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Camellia sinensis (L.) Kuntze (Theaceae) is a species of plant used
extensively in infusions, popularly known as “tea”, that are made from
their dried fresh (white and green teas), enzymatically oxidized (oolong
and black teas) or microorganism fermented (pu-erh tea) leaves (Jiang
et al., 2011; Sharangi, 2009; Ho, Lin, & Shahidi, 2008). Currently the
products from primary and secondary metabolism of C. sinensis areCl3, chloroform; LC–MS, liquid
a high performance liquid-
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iacomini@ufpr.br (M. Iacomini).the focus of several chemical investigations. In thisﬁeld, a comprehensive
metabolite proﬁle has been characterized (Del Rio et al., 2004; Lin, Chen,
& Harnly, 2008; Miketova et al., 2000; Neilson, Green, Wood, & Ferruzzi,
2006; Scoparo et al., 2012) and many pharmacological activities has also
been evaluated, showing potential application for humanhealth (Cooper,
Morré, & Morré, 2005a, 2005b; Nie & Xie, 2011; Pinto, 2013; Scoparo
et al., 2013; Sharangi, 2009).
Previous studies showed that leaves of C. sinensis have several
chemical components such as polyphenols (catechins, ﬂavonoids,
proanthocyanidins), alkaloids (caffeine, theobromine, theophylline), ter-
penoids, amino acids, and polysaccharides, among others (Del Rio et al.,
2004; Engelhardt, 2010; Xie & Nie, 2006). Despite this large variety of
compounds, the polyphenols have been considered the most important
for health beneﬁts (Chen et al., 2008; Cooper et al., 2005a, 2005b). The
catechins (ﬂavan-3-ol class of ﬂavonoids) are the most abundant tea
polyphenols, and green-tea is rich in a variety of these compoundsnamely
catechin, gallocatechin, epicatechin, epigallocatechin, epicatechin-gallate
and epigallocatechin-gallate (EGCG). As know, the oxidative process to
produce black-teamay lead to a rearrangement of a series of compounds,
as well as lead to compound decomposition. Thus, black-tea contain the
oxidation/condensation products of catechins, such as theaﬂavins and
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2008; Zhou et al., 2005; Zhu et al., 2004).
It is well established that these changes in the chemical composition
of different teasmay reﬂect in their biological properties and taking into
consideration that the gastrointestinal tract is the ﬁrst to come into
contact with the compounds present in tea, usually in high concentra-
tions, the aim of this study was to determine the compounds or
compound class, present in hydro-alcoholic extracts and fractions
from liquid/liquid partition from green- and black-tea leaves and,
via bio-guided examination, investigate in which kind of compounds
the gastroprotective activity remains, using the model of acute
gastric lesions induced by ethanol in rats.
2. Materials and methods
2.1. Plant material and chemicals
HPLC-grade methanol, formic acid, ethyl acetate, chloroform and
n-butanol were purchased from Tedia, water was Milliq (Millipore).
The samples (green- and black-teas) were purchased in a local market
(Curitiba, Brazil) as commercially processed leaves. Standards of
(−)-epigallocatechin-3-O-gallate (EGCG) and rutin were purchased
from Sigma-Aldrich.
2.2. Extraction
Green- and black-tea leaves (100 g of each) from C. sinensis were
submitted to extraction by reﬂuxing in 500 ml of a hydro-alcoholic
solution (ethanol 70%, v/v) for 1 h, repeated thrice. The solvent was
evaporated under reduced pressure and the resulting hydro-alcoholic
extracts were named GEt for green-tea and BEt for black-tea, which
were stored in freezer.
2.3. Liquid/liquid partition
Green- (GEt) and black-tea (BEt) extracts (10 g) were subjected to
liquid/liquid partitioning. The samples were dissolved in H2O (200 ml)
and CHCl3 (200 ml) was added. The mixture was vigorously stirred
and allowed to stand until the layers separation. The organic layer
was removed to yield the green-tea chloroform fraction (GCl) and
black-tea chloroform fraction (BCl). In the remaining aqueous layer,
ethyl acetate (200 ml) was added and stirred. Similarly, the organic
layer was removed to yield green-tea ethyl acetate fraction (GEAc)
and black-tea ethyl acetate fraction (BEAc). Subsequently, n-butanol
(200 ml) was added to the aqueous layer, stirred and separated to
give rise to green-tea butanolic fraction (GBu), black-tea butanolic
fraction (BBu), green-tea aqueous fraction (GAq) and black-tea
aqueous fraction (BAq). The fractions were dried under reduced
pressure lyophilized, stored in freezer (Fig. 1).
2.4. Ultra-high performance liquid chromatography (UHPLC)
An Acquity-UPLC™ system (Waters, Milford, MA) equipped with a
binary solvent pump, column oven, auto-sampler and a photodiode
array detector (PDA) was used for chromatographic analysis.
The hydro-alcoholic extracts and fractions from green- and black-teas
were prepared inMeOH–H2O (1:1, v/v) at 1 mg/ml. The chromatography
was performed on Acquity phenyl BEH column, with 50 × 2.1 mm i.d.
and 1.7 μm particle size (Waters). The samples were held at room
temperature (22 °C) and the separation has occurred at 60 °C
(column temperature) using water (solvent A) and MeOH (solvent B),
both containing 0.1% formic acid, with a linear gradient of solvent B
from 0 to 50% over 8 min, then to 80% at 10 min and 100% at 11 min,
held to 12 min at ﬂow rate of 400 μl/min. After returning to initial
conditions (0% B, in 13 min) the system was re-equilibrated for 2 min.
The injection volume of the samples was 10 μl and detection wasprovided by PDA (200–400 nm) and liquid chromatography–mass
spectrometry (m/z 100–1500).
EGCG and Rutin were quantiﬁed on the basis of their calibration
curves (R2 N 0.989) with authentic standards, each prepared at 50,
100, 250, and 500 μg/ml. Detection was at PDA (210–400 nm), then
processed at 280 nm (EGCG) and 355 nm (rutin). Quantiﬁcation was
carried out in triplicate.2.5. LC–MS conditions
The mass spectrometer was directly connected to the UHPLC
efﬂuent, and positive (+)/negative (−) ESI-MS were carried out at
atmospheric pressure ionization (API) with a LTQ-XL (Thermo-
Scientiﬁc), using N2 for sample desolvation with sheath gas at ﬂow
rate of 60 arbitrary units (abu) and auxiliary gas at 20 abu, and the
capillary temperature at 380 °C. The ionizationwas following the opera-
tional parameters: for positive polarity, electrospray voltage at 3.6 kV
capillary voltage 47 V, tube lens offset 200 V; for negative polarity
electrospray at 3.5 kV, capillary at −18 V and tube lens at −200 V.
Instrument calibration was performed externally prior to each sequence
with a calibration solution.2.6. Animals
Female Wistar rats (180–200 g) provided by the Federal University
of Paraná colony were used for experiments. The animals were
submitted to standard laboratory conditions, with a cycle of 12 h at
light and at dark, at temperature of 22 ± 2 °C and free access to
food and water. Over a period of 15 to 18 h prior to the experiment
food was withdrawn. All experimental procedures were previously
approved by the local Animal Ethics Committee of Federal University
of Paraná (CEUA/BIO-UFPR; approval number 689).2.7. Induction of acute gastric lesion
The acute gastric lesionwas inducedby Ethanol P.A. (Robert, Nezamis,
Lancaster, & Hanchar, 1979). All animals were orally pretreated (gavage)
with vehicle (Control: water, 1 ml/kg), omeprazole (40 mg/kg), extracts
[GEt (1, 3, 10 and30 mg/kg) and BEt (3, 10, 30 and100 mg/kg)], fractions
[GCl (1.2 mg/kg), GEAc (0.6 mg/kg), GBu (1 mg/kg), GAq (1 mg/kg), BCl
(3.2 mg/kg), BEAc (2 mg/kg), BBu (3.2 mg/kg) andBAq (1 mg/kg)], rutin
(0.0133 mg/kg) or epigallocatechin gallate (EGCG, 0.204 mg/kg), 1 h
before oral administration of ethanol P.A. (0.5 ml/200 g). After 1 h of
ethanol administration the animals were sacriﬁced, their stomachs
were removed to measure the area of lesions (mm2) by the software
Image Tool 3.0® as previously described (Potrich et al., 2010).2.8. Determination of gastric wall mucus
The glandular gastric mucosa segment was weighed and incubated
(2 h) at room temperature in Alcian Blue solution (0.1%). The excess
of Alcian Blue was removed by two successively washes with 0.25 M
sucrose, the ﬁrst for 15min and the second for 45min. Then, the gastric
wall mucus complexed with Alcian Blue dye was extracted with a
magnesium chloride solution (0.5 M) and the segments of glandular
gastric mucosa were shaken, in intervals of 2 h, for 1 min at 30 min.
An equal volumeof diethyl etherwas added andmixedwith the extract,
and the solution was centrifuged (3600 rpm) by 10 min in order to
separate the aqueous phase for spectrophotometric determination of
Alcian Blue amounts at 598 nm. The quantiﬁcation of mucus levels
were performed using standard curve of Alcian Blue (6.25–100 μg)
and the result was expressed in μg of Alcian Blue/g of tissue (Corne,
Morrissey, & Woods, 1974).
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The glutathione levels in gastric mucosa were determined following
Sedlak & Lindsay's (1968) method. In this experiment, the glandular
segment of gastric mucosa were weighed and homogenized, on ice
bath, with potassium phosphate buffer (200 mM) (pH 6.5) using a ho-
mogenizer. Trichloroacetic acid (12.5%) was mixed with the homoge-
nates and the suspension was vigorously shaken and centrifuged
(15 min, 3000 rpm). A buffer Tris–HCl (0.4 M) (pH 8.9) and 0.01 M
DTNB [5,5′-dithiobis-(2-nitrobenzoic acid)]weremixedwith the super-
natant aliquots in 96-well plates. The absorbance was measured with a
microplate reader by spectrophotometry (415 nm). The individual
values interpolated into a standard curve of GSH (0.375–3 μg) and
results was expressed as μg of GSH/g of tissue.
2.10. Statistical analysis
Data were expressed as mean ± standard error of the mean (SEM)
with 6–8 animals examined in each group. Statistical error was
determined by one-way ANOVA, the post hoc test was Bonferroni's.
Differences in P-values b 0.05 were considered signiﬁcant. The ED50
values (effective dose capable of inhibiting the gastric lesions formation
by 50% relative to the control value) were determined by nonlinear
regression analysis and reported as geometric mean. Calculations
were performed with Graph-pad software (GraphPad software, San
Diego, CA, USA).
3. Results and discussion
3.1. Analysis of green- and black-tea hydro-alcoholic extracts and fractions
It is well known that growth/harvest conditions, as well as leaf
processing could change the components in many tea preparations.
Here, we focused to analyze themost popular types of themanufacturing
process of C. sinensis: non-oxidized (green-tea) and oxidized (black-tea).
This plant is known to have a great variety of metabolites and can be
considered as a model for the development of analytical procedures for
phytochemical mixtures, which can be observed in several publications
(Del Rio et al., 2004; Engelhardt, 2010; Ho et al., 2008; Neilson et al.,
2006; Scoparo et al., 2012; Zhu et al., 2004). So, in a previous study, we
performed a comprehensive analysis of the compounds present inFig. 1. Scheme of extraction and puriﬁcation of green- and black-green- and black-teas from C. sinensis from the development of a two-
dimensional chromatographic technique (2D-LC).
Likewise, in the present study a wide variety of compounds were
identiﬁed, ranging from primary metabolites, such as lipids and
carbohydrates, to the products of secondary metabolism, as phenolic
compounds, alkaloids and saponins from green and black-tea hydro-
alcoholic extracts (Fig. 2A and F, respectively). The choice for using
hydro-alcoholic extracts was due to the fact that, although the
compounds identiﬁed in aqueous and hydro-alcoholic extracts were
very similar (data not shown), in the aqueous extract a considerable
amount of high molecular weight compounds such as polysaccharides,
are extracted, which are out of the scope of the present work, that
aims to study mainly the low molecular weight compounds, such as
ﬂavonoids, (See Fig. 1.)
It can be seen that many peak overlapping have occurred, making
their analysis difﬁcult, thus, in order to reduce the complexity, the
hydro-alcoholic extracts (GEt and BEt) were submitted to liquid/liquid
partition in order to separate the components accordingly to their
polarity. The fractionation was bio-monitored via gastroprotective
activity.
The sequence of fractionation is depicted in a ﬂowchart with the
yields of each fractionation step (Fig. 1), and the fractionswere analyzed
by UHPLC–MS. The chloroform fraction from both teas (GCl and BCl)
retained mainly theobromine (peak 7), caffeine (peak 22) and
phospho- and glycolipids (peaks 90–103) [Fig. 2B and G, Table 1].
In the ethyl acetate fraction from green-tea (GEAc), the catechins
were identiﬁed, as gallocatechin (peak 9), epigallocatechin (peak 10),
catechin (peak 17), gallocatechin-3-O-gallate (peak 23), gallocatechin
dimer (26), catechin-gallate (peak 32) and the epigallocatechin-3-O-
gallate (peak 20), which is the major compound related in the green-
tea extracts (Fig. 2C, Table 1). On the other hand, in the ethyl acetate
fraction from black-tea (BEAc), it was observed a considerable decrease
in ﬂavan-3-ol content in comparison to green-tea (GEAc), as the
absence of peaks corresponding to catechins (peaks 9, 17 and 23), as
well as signiﬁcantly reduce of the peak identiﬁed as EGCG (peak 20)
in black-tea chromatograms. Such reduction of the compounds
observed is resulting from oxidation promoted by enzyme activation
(i.e., polyphenoloxidase), because the catechins are structurallymodiﬁed
to give theaﬂavins, theasinensins (bisﬂavonols) and epiteaﬂavic acids,
so, in this fraction it was found four predominant theaﬂavins: simple
theaﬂavin, theaﬂavin-3-gallate, theaﬂavin-3′-gallate and theaﬂavin-
3,3′-digallate (peaks 55, 57, 59 and 60).teas from Camellia sinensis leaves and their respective yields.
Fig. 2.UHPLC chromatogram fromgreen- and black-teahydro-alcoholic extract and fractions. (A)Green-tea hydro-alcoholic extract, (B) green-tea chloroform fraction. (B1) Positive ESI-MS
of lipids. (C) Green-tea ethyl acetate fraction, (D) green-tea butanolic fraction. (D1 and D2) Negative ESI-MS of extracted ions from saponins. (E) Green-tea aqueous fraction, (F) black-tea
hydro-alcoholic extract, (G) black-tea chloroform fraction. (G1 and G2) Positive and negative ESI-MS of lipids, respectively. (H) Black-tea ethyl acetate fraction, (I) black-tea butanolic
fraction, (J) black-tea aqueous fraction.
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quinone dimers, during tea oxidation, results in the formation of
theasinensins (bisﬂavonols), so these products were found in the BEAc
fraction, since only black tea is subjected to oxidative process, and iden-
tiﬁed as theasinensin C, theasinensin B, theasinensin A and theasinensin
D (peaks 5, 8, 16 and 18 respectively). Also, proanthocyanidin dimer
(peak 12), proanthocyanidin trimer (peak 25) and theaﬂavate A and B
(peaks 53 and 56) were found. Flavonoids glycosides were observed in
these fractions (GEAc and BEAc), composed of quercetin or kaempferol
attached to different oligosaccharides (peaks 30, 31, 41, 42, 45, 47 and
49) and those acylated with a p-coumaroyl group (peaks 50, 54, 58,
63, 66) (Fig. 2C and H, Table 1).
The ﬂavonoid glycosides were concentrated in the butanolic
fraction obtained from green- (GBu) and black-teas (BBu) (Fig. 2D
and I, Table 1). In these fractions, it were found quercetin-3-O-
hexoside (peak 21), quercetin-3-O-rhamnosylglucoside (rutin)
(peak 45), kaempferol-3-O-p-coumaroylglucoside (peak 50), and
the isomers: apigenin-6-C-glucosyl-8-C-araboniside and apigenin-
6-C-arabinosyl-8-C-glucoside (peaks 39 and 40); quercetin-3-O-
galactosylrutinoside and quercetin-3-O-glucosylrutinoside (peaks 41
and 42); and kaempferol-3-O-galactosylrutinoside and kaempferol-3-
O-glucosylrutinoside (peaks 47 and 49). Other conjugates of quercetin,
kaempferol, myricetin and apigenin were also found (peaks 31, 35, 36,43, 54, 56, 58, 63, 65 and 66, Table 1). However, also many peak
overlapping have occurred. Another class of glycosides, the saponins,
was present in a considerable proportion in fraction GBu (peaks
71–89) and in contrast, in the BBu fraction no saponins were found
(Fig. 2I, Table 1).
The aqueous fraction from green- (GAq) and black- (BAq) teas
(Fig. 2E and J, respectively) retained sucrose (peak 1), some acidic
compounds, as quinic acid (peak 3), and its ester 3-, and 5-galloylquinic
acid (peaks 4 and 6), and 3- and 5-p-coumaroyl acid (peaks 11 and 24).
In addition, 3-, and 5-caffeoylquinic acid (peaks 14 and 15) and
quercetin-3-O-rhamnosylglucoside (rutin) (peak 45) appeared in
signiﬁcant amount in this fraction from black-tea (BAq) and it was
also observed that this fraction, EGCG was absent (Fig. 2J, Table 1).
Flavonoid glycosides were also found in the aqueous fraction from
both teas (peaks 40, 41, 42, 45, 47 and 49) as well some ﬂavonoids
glycosides acylated with p-coumaroyl group (peaks 50, 62, 63, 66
and 67).
3.2. Quantiﬁcation of EGCG and rutin
EGCG and rutin are important compounds found with a signiﬁcant
proportion in the main active fraction in green- and black-teas, respec-
tively. Thus, they were quantiﬁed in the extracts and fractions. EGCG
Table 1
UHPLC–MS of the compounds from hydro-alcoholic extracts and fractions partitioned from green- and black- tea and their presence in each tea type.
Peak Rt⁎ [M + Li]+
(m/z)
[M–H]−
(m/z)
Structure⁎⁎ Green tea Black tea
1 0.37 349 341 Saccharose x x
2 0.40 533 Unknown x x
3 0.42 191 Quinic acid x x
4 0.71 351 343 3-Galloylquinic acid x x
5 0.89 617 609 Theasinensin C x
6 0.98 351 343 5-Galloylquinic acid x x
7 1.82 187 Teobromine x x
8 1.98 769 761 Theasinensin B x
9 2.03 305 (+)-Gallocatechin x
10 2.10 305 (−)-Gallocatechin x x
11 2.43 345 337 3-p-coumaroylquinic acid x x
12 2.65 345 577 Proanthocyanidin dimer x x
13 2.66 633 Strictinin x x
14 2.68 353 3-Caffeoylquinic acid x
15 2.78 353 4-Caffeoylquinic acid x
16 2.80 921 913 Theasinensin A x
17 2.81 289 (+)-Catechin x
18 2.94 921 913 Theasinensin D x
19 2.96 577 Proanthocyanidin dimer x x
20 3.11 465 457 (−)-Gallocatechin-3-O-gallate x x
21 3.12 471 463 Quercetin-3-O-hexoside x x
22 3.24 202 Caffeine x x
23 3.35 465 457 (+)-Gallocatechin-3-O-gallate x
24 3.45 345 337 5-p-coumaroylquinic acid x x
25 3.47 893 885 Proanthocyanidin trimer x
26 3.66 609 Gallocatechin dimer x x
27 3.78 639 631 Myricetin-galloyl-hexoside x
28 3.92 635 Trigalloylglucose x
29 3.93 795 787 Myricetin-3-O-hexosylrutinoside x x
30 4.10 601 593 Kaempferol 3-O-rutinoside x x
31 4.14 487 479 Myricetin-3-O-galactoside x x
32 4.15 449 441 (+)-(−)-Catechingallate x x
33 4.15 795 787 Myricetin-3-O-hexosylrutinoside x
34 4.16 455 447 Kaempferol-3-O-hexoside x
35 4.19 487 479 Myricetin-3-O-glucoside x x
36 4.26 639 631 Myricetin-galloyl-hexoside x x
37 4.40 431 Apigenin-C-glucoside x
38 4.41 609 (−)-Gallocatechin-3–3′-di-O-gallate x
39 4.62 563 Apigenin 6-C glucosyl-8-C-arabinoside x x
40 4.67 563 Apigenin 6-C garabinosyl-8-C-glucoside x x
41 4.68 779 771 Quercetin-3-O-galactosylrutinoside x x
42 4.87 779 771 Quercetin-3-O-glucosylrutinoside x x
43 4.88 623 615 Quercetin-galloyl-hexoside x x
44 4.89 439 431 Kaempferol-3-O-rhamnoside x x
45 5.02 617 609 Quercetin-3-O-rhamnosylglucoside x x
46 5.17 607 599 Kaempferol-galloyl-hexoside x
47 5.19 763 755 Kaempferol-3-O-galactosylrutinoside x x
48 5.50 607 599 Kaempferol-galloyl-hexoside x
49 5.51 763 755 Kaempferol-3-O-glucosylrutinoside x x
50 5.69 601 593 Kaempferol-3-O-p-coumaroylglucoside x x
51 6.20 789 781 Kaempferol-3-O-acetyldirhamnosylhexoside x
52 6.50 551 Epitheaﬂagalline-3-gallate x
53 6.95 699 Theaﬂavate B x
54 7.01 925 917 Kaempferol-3-O-p-coumaroylglucosylrhamnosylgalactoside x x
55 7.08 571 563 Theaﬂavin x
56 7.13 851 Theaﬂavate A x
57 7.22 715 Theaﬂavin-3-gallate x
58 7.25 925 917 Kaempferol-3-O-p-coumaroylglucosylrhamnosylglucoside x x
59 7.29 715 Theaﬂavin-3′-gallate x
60 7.39 875 867 Theaﬂavin-3–3′-digalate x
61 7.41 601 593 Caempferol-3-O-6″-p coumaroilglucosídeo x x
62 7.50 909 901 Quercetin 3-O-p-coumaroyldirhamnosylhexoside x x
63 7.54 1057 1049 Querceetin-3-O-glucosylrhamnosyl-(p-coumaroylhexosyl)galactoside x x
64 7.76 1041 1033 Kaempferol-3-O-p-coumaroylarabinosylglucosylrhamnosylgalactoside x
65 7.81 893 885 Kaempferol-3-O-p-coumaroyldirhamnosylhexoside x
66 7.84 1057 1049 Quercetin-3-Onglucosylrhamnosyl-(p-coumaroyl-hexosyl)glucoside x x
67 7.90 909 901 Quercetin 3-O-p-coumaroyldirhamnosylhexoside x x
68 8.08 1041 1033 Kaempferol-3-O-p-coumaroylarabinosylglucosylrhamnosylglucoside x
69 8.20 893 885 Kaempferol-3-O-p-coumaroyldirhamnosylhexoside x
70 8.94 747 739 Kaempferol-3-O-p-coumaroylglucosylrhamnoside x
71 9.78 1215 Floratheasaponin A isomer x
72 9.82 1257 Foliatheasaponin I isomer x
73 9.83 1215 Floratheasaponin A isomer x
(continued on next page)
581C.T. Scoparo et al. / Food Research International 64 (2014) 577–586
Table 1 (continued)
Peak Rt⁎ [M + Li]+
(m/z)
[M–H]−
(m/z)
Structure⁎⁎ Green tea Black tea
74 9.86 1215 Floratheasaponin A isomer x
75 9.89 1303 Isotheasaponin B3 isomer x
76 9.90 1257 Foliatheasaponin I isomer x
77 9.94 1257 Foliatheasaponin I isomer x
78 9.95 1303 Isotheasaponin B3 isomer x
79 9.99 1263 Isotheasaponin B1/B2 isomer x
80 10.00 1305 Foliatheasaponin IV isomer x
81 10.07 1319 Assamsaponin J isomer x
82 10.08 1303 Isotheasaponin B3 isomer x
83 10.08 1263 Isotheasaponin B1/B2 isomer x
84 10.08 1305 Foliatheasaponin IV isomer x
85 10.18 1319 Assamsaponin J isomer x
86 10.20 1305 Foliatheasaponin IV isomer x
87 10.23 1263 Isotheasaponin B1/B2 isomer x
88 10.25 1319 Assamsaponin J isomer x
89 10.39 1303 Isotheasaponin B3 isomer x
90 10.40 779 Unknown Lipid x x
91 11.05 813 Monogalactosyldiacylglycerol (C20:2/C18:2) x
92 11.13 797 Phosphatidylcholine (C18:3/C19) x x
93 11.26 813 Monogalactosyldiacylglycerol (C20:1/C18:3) x x
94 11.26 819 Sulfoquinovosyldiacylglycerol (C18:1/C16) x
95 11.28 749 Phosphatidylglycerol (C18/C16) x
96 11.30 944 Digalactosyldiacylglycerol (C18:3/C18:3) x x
97 11.32 922 Digalactosyldiacylglycerol (C18:3/C16) x x
98 11.35 782 Phosphatidylcholine (C18:2/C18:2) x x
99 11.36 781 Monogalactosyldiacylglycerol (C18:3/C18:3) x x
100 11.38 787 Phosphatidylcholine (C18:2/C18) x x
101 11.41 837 Sulfoquinovosyldiacylglycerol (C18:3/C18:3) x
102 11.41 789 Phosphatidylcholine (C18:1/C18) x x
103 11.90 871 Unknown lipid x x
⁎ Rt: retention time.
⁎⁎ For references see Scoparo et al. (2012) and Lin et al. (2008).
Table 2
Concentration of major phenolics in green- and black- tea hydro-alcoholic extracts and
partitioned fractions.
Extract Epigallocatechin-3-O-gallatea Rutina
GEt 180.98 ± 0.97 5.98 ± 0.78
GCl 0 ± 0 0 ± 0
GEAc 340.55 ± 0.42 0.78 ± 0.21
GBu 27.88 ± 0.29 5.28 ± 0.53
GAq 5.46 ± 0.47 2.18 ± 0.43
BEt 20.11 ± 0.74 10.74 ± 0.58
BCl 0 ± 0 0 ± 0
BEAc 77.89 ± 0.70 13.06 ± 0.36
BBu 16.35 ± 0.55 29.58 ± 0.57
BAq 0 ± 0 13.35 ± 0.61
GEt, green tea hydro-alcoholic extract; GCl, green tea chloroform fraction; GEAc, green tea
ethyl acetate fraction; GBu, green tea butanolic fraction, GAq, green tea aqueous fraction;
BEt, black tea hydro-alcoholic extract; BCl, black tea chloroform fraction; BEAc, black tea
ethyl acetate fraction; BBu, black tea butanolic fraction, BAq, black tea aqueous fraction.
a The yields are presented as μg/mg.
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0.97 μg/mg. The liquid/liquid partition has concentrated the EGCG
in the GEAc increasing to 340.55 ± 0.42 μg/mg, whereas GBu had
27.88 ± 0.29 μg/mg and GAq 5.46 ± 0.47 μg/mg. As a result of
auto-oxidation, the amounts of EGCG were signiﬁcantly reduced in
the extract and fractions from black-tea, that showed 20.11 ± 0.74
in BEt, 77.89 ± 0.70 μg/mg in BEAc and 16.35 ± 0.55 μg/mg in BBu,
while in BAq EGCG was not detected (Table 2).
The rutin was one of the major compounds of black-tea, having
10.74 ± 0.58 μg/mg in BEt, 13.06 ± 0.36 μg/mg in BEAc, 13.35 ± 0.61
in BAq and 29.58 ± 0.57 μg/mg in BBu. Nevertheless, in green-tea, this
metabolite appeared in smaller quantities, 0.78 ± 0.21 μg/mg in GEAc,
2.18 ± 0.43 μg/mg in GAq and 5.28 ± 0.53 μg/mg in GBu (Table 2).
The ﬂavonoids glycosides can change duringmanufacturing process
of tea and the quantiﬁcation of these compounds shows that their
proportion in black-teas can be higher than that of catechins
(Engelhardt, Finger, Herzig, & Kuhr, 1992).
3.3. Effect of green- and black-tea hydro-alcoholic extracts on acute gastric
lesions induced by ethanol
The gastroprotective activity of several natural products is well
known, andhas beendiscussed inprevious studies, such as fromphenolic
compounds (Baggio et al., 2007; Im, Nam, Park, & Sohn, 2013) and
polysaccharides from Maytenus ilicifolia and Ilex paraguariensis
(Cipriani et al., 2006; Maria-Ferreira et al., 2013). Teas from C. sinensis
are highly consumed worldwide because of their pleasing taste and,
moreover, due to their digestive beneﬁt, causing more people to choose
this plant (Sharangi, 2009). Also, green- and black-teas have presented
anti-ulcer effect (Adhikary, Yadav, Bandyopadhyay, & Chattopadhyay,
2011; Hamaishi, Kojima, & Ito, 2006; Koo & Cho, 2004; Morikawa et al.,
2006; Maity, Vedasiromoni, & Ganguly, 1995). Because the major differ-
ences in the composition of teas are related to post-harvest processes
(oxidation), in order to investigate whether the processing have alsoaltered the gastroprotective activity, hydro-alcoholic extracts from
green- and black-teas (GEt and BEt) were examined in an experimental
model of gastric lesion induced by ethanol.
With the model of ethanol induced gastric lesions, it is observed a
reduction of the protective factors of the mucosa such as the mucus
barrier, secretion of bicarbonate and non-proteic sulphydrilic groups
(NP-SH). This is due to penetration of this necrotizing agent in the
mucous during the procedure causing membrane damage, erosion
and ulcer formation (Szabo, Trier, Brown, & Schnoor, 1985). The hydro-
alcoholic extracts were orally administered in the animals and this
pretreatment inhibited the gastric lesions in a dose-dependent manner.
GEt reduced lesions by 46%, 65% and 87% at doses of 3, 10 and 30 mg/kg,
with ED50 value of 3.6 mg/kg and BEt reduced the lesions by 51 and 73%
at doses of 10 and 30 mg/kg, with ED50 value of 10.2 mg/kg (Fig. 3A and
B, respectively). These ED50 values showed that GEt was 2.8 timesmore
Fig. 3. Effect of (A) green- and (B) black-tea hydro-alcoholic extracts and (C) green- and (D) black-tea hydro-alcoholic fractions on acute gastric lesions induced by ethanol P.A. in rats. The
animalswere orally treatedwith vehicle (C:water, 1 ml/kg), omeprazole (Ome: 40 mg/kg), GEt (1, 3, 10 and 30 mg/kg), BEt (3, 10 and 30 mg/kg)GCl (1.2 mg/kg), GEAc (0.6 mg/kg), GBu
(1 mg/kg) and GAq (1 mg/kg) or BCl (3.2 mg/kg), BEAc (2 mg/kg), BBu (3.2 mg/kg) and BAq (1 mg/kg), 60 min before oral administration of ethanol P.A. (0.5 ml/200 g). Results are
expressed asmean± S.E.M. (n=6–8) and statistical comparison was performed using one-way ANOVA followed by post hoc Bonferroni's test. *P b 0.05 compared to the control group.
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(p.o.), reduced the gastric lesions up to 87% and 74%, for green- and
black-tea experiments, respectively (Fig. 3A and B).
Both extracts (GEt and BEt) are rich in polyphenols which have
antioxidant effects (Matsuzaki & Hara, 1985; Tanizawa et al., 1984;
Thawonsuwan, et al., 2010). However, the polyphenols content in
green-tea varies from 30% to 40% whereas only 3% to 10% in black-tea
(Sharangi, 2009). Instead catechins, black-tea presents their oxidative
products, such as theaﬂavins, as well as the products of accumulation
of quinone dimmers, the theasinensins (Engelhardt, 2010). This differ-
ence in polyphenols and their amounts could be responsible for the
lower activity of BEt, suggesting the possible involv
ement of non-oxidized catechins on the gastroprotective effect.3.4. Effect of fractions from liquid/liquid partition of green- and black-teas
on acute gastric lesions induced by ethanol
In order to investigatewhich compound classeswere responsible for
its gastroprotective activity, a bioguided liquid/liquid partition was
developed on the hydro-alcoholic extracts. The fractions were tested
at doses calculated on the basis of the ED50 values, obtained from the
precursor extracts (GEt and BEt) and their relative fractions yielding.
The chloroform fraction [GCl, 1.2 mg/kg, per os (p.o.)], ethyl acetate
fraction (GEAc, 0.6 mg/kg, p.o.), butanolic fraction (GBu, 1 mg/kg, p.o.)
and aqueous fraction (GAq, 1 mg/kg, p.o.) from green-tea extract (GEt)
inhibited the gastric lesions area by 54, 77, 76 and 58%, respectively,
compared to control group (C: 166.9 ± 12.1 mm2) (Fig. 3C). For the
black-tea, the ethyl acetate fraction (BEAc, 2 mg/kg), butanolic fraction
(BBu, 3.2 mg/kg) and aqueous fraction (BAq, 1 mg/kg) reduced the
ethanol-induced gastric lesions in 49, 63 and 56%, respectively, when
compared to control group (C: 153.6 ± 10.0 mm2) (Fig. 3D). However,
the chloroform fraction (BCl, 3.2 mg/kg, p.o.)was not able to protect the
gastric mucosa (Fig. 3D). Omeprazole (40 mg/kg, p.o.) inhibited the
gastric lesions up to 93% (Fig. 3C and D).Based on the relative abundances and theoretical ED50, the ethyl
acetate fraction from green-tea (GEAc) was 6 times more potent than
the precursor extract (GEt) and the aqueous fraction of black-tea
(BAq) was 10 times more potent than the precursor extract (BEt).
The ethyl acetate fraction of green tea showed a signiﬁcant amount
of catechins, and the main one is the EGCG (Fig. 3C, Tables 1 and 2).
It is known that EGCG is efﬁcient in the treatment of stomach ulcer
(Adhikary et al., 2011), so this compound must contribute to the
gastroprotective effect of GEAc fraction observed. However, in black
tea, the amount of EGCG is reduced (Table 2), and in the most active
fraction (BAq), absent. Then some other compound may be assisting
the gastroprotective properties. On the chemical analysis, rutin
(Fig. 3J, Tables 1 and 2) was presented in signiﬁcant amounts in the
aqueous fraction of black tea, and this ﬂavonoid glycoside was also
reported to have gastroprotective activity (La Casa et al., 2000).
3.5. Effect of EGCG and rutin on acute gastric lesions induced by ethanol
EGCG and rutin were the major components observed on the more
potent fractions (GEAc and BAq, respectively). The authentic standard
of EGCGand rutinwere prepared accordingly to their relative abundances
in their respectively fractions (GEAc and BAq). Thus, EGCG (at 0.204 mg/
kg, p.o.) reduced the gastric lesions area by 56%, compared to control
group (C: 167.0 ± 20.5 mm2) (Fig. 4), whereas, rutin (at 0.0133 mg/kg)
did not inhibit the formation of lesions in rats. The omeprazole (40 mg/
kg, p.o.), positive control, reduced the lesions by 88% (Fig. 4).
Previous studies have demonstrated that EGCG and rutin can protect
the gastric mucosa against lesion formation induced by indomethacin
and ethanol in rodents (Abdel-Raheem, 2010; Adhikary et al., 2011; La
Casa et al., 2000). However, the rutin concentrations tested in that
experiments were higher than the theoretical ED50 calculated here. So,
these ﬁndings suggest that EGCG are involved on the gastroprotection
of green-tea, but rutin was less signiﬁcant at the natural concentrations
in black-tea. It is probably that other compounds are also involved this
protection, perhaps via synergistic effect.
Fig. 4. Effect of EGCG and rutin on acute gastric lesions induced by ethanol P.A. in rats.
The animals were orally treated with vehicle (C: water, 1 ml/kg), omeprazole (Ome:
40 mg/kg), epigallocatechin gallate EGCG (0.204 mg/kg) or rutin (0.0133 mg/kg) 60
min before oral administration of ethanol P.A. (0.5 ml/200 g). Results are expressed as
mean ± S.E.M. (n = 6–8) and statistical comparison was performed using one-way
ANOVA followed by post hoc Bonferroni's test. *P b 0.05 compared to the control group.
Table 4
Effect of oral administration of green-tea hydro-alcoholic fractions or black-tea hydro-
alcoholic fractions on mucus and GSH levels in acute gastric lesions induced by ethanol
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gastric wall mucus
The mucus constitutes the ﬁrst line of mucosal protection against
acid secretion due to formation of a viscous, elastic, adherent and trans-
parent gel (Laine, Takeuchi, & Tarnawski, 2008; Phillipson et al., 2008).
In order to investigate if this protective mechanisms of gastric mucosa
are involved in the gastroprotection promoted by the hydro-alcoholic
extracts, partitioned fractions and standards compounds, the gastric
wall mucus was determined.
The administration of ethanol P.A. decreased the levels of gastric
mucus up to 60% when compared to non-lesioned group (NL)
(Table 3). Oral treatment of animals with GEt, at doses of 3 and
10 mg/kg, restored the mucus content to 600.8 ± 62.9 and 554.5 ±
63.9 μg of Alcian Blue/g of tissue compared to control group (C:
241.0 ± 49.5 μg of Alcian Blue/g of tissue) (Table 3). Omeprazole
(40 mg/kg, p.o.) prevented the decrease of gastric mucus levels
(469.8 ± 52.7 μg of Alcian Blue/g of tissue) when compared with
the control group (Table 3). In other set of experiments, administration
of BEt prevented the decrease ofmucus levels (657.9±63.8 μg of Alcian
Blue/g of tissue) only at dose of 30 mg/kg when compared to control
group (C: 336.1 ± 30.2 μg of Alcian Blue/g of tissue) (Table 3).
When testing the fractions from GEt and BEt, the pretreatment of
animal with BAq (1 mg/kg, p.o.) was able to prevent the depletion of
mucus content (743.7 ± 94.8 μg of Alcian Blue/g of tissue), whenTable 3
Effect of oral administration of green-tea hydro-alcoholic extract (GEt) or black-tea
hydro-alcoholic extract (BEt) on mucus and GSH levels in acute gastric lesions induced
by ethanol P.A. in rats.
Extract Treatment Mucus
(μg of Alcian
Blue/g of tissue)
GSH
(μg/g of tissue)
Green-tea
hydro-alcoholic
extract
NL 611.3 ± 42.7 333.3 ± 30.1
Control (1 ml/kg) 241.0 ± 49.5# 199.4 ± 20.5#
Omeprazole (40 mg/kg) 469.8 ± 52.7⁎ 364.7 ± 30.3⁎
GEt (1 mg/kg) 440.4 ± 39.0 276.1 ± 20.1
GEt (3 mg/kg) 600.8 ± 62.9⁎ 293.7 ± 20.1
GEt (10 mg/kg) 554.5 ± 63.9⁎ 419.8 ± 38.0⁎
GEt (30 mg/kg) 296.9 ± 32.4 423.8 ± 58.5⁎
Black-tea
hydro-alcoholic
extract
NL 665.4 ± 83.9 513.8 ± 67.6
Control (1 ml/kg) 336.1 ± 30.2# 223.1 ± 35.4#
Omeprazole (40 mg/kg) 492.0 ± 74.0 447.8 ± 69.1
BEt (3 mg/kg) 376.9 ± 31.6 570.6 ± 121.8⁎
BEt (10 mg/kg) 450.0 ± 35.5 585.0 ± 73.1⁎
BEt (30 mg/kg) 657.9 ± 63.8⁎ 655.3 ± 72.5⁎
The results were expressed as mean ± S.E.M. and statistical comparison was performed
using ANOVA followed by Bonferroni's test.
# P b 0.05 when compared to non-lesionated group (NL).
⁎ P b 0.05 when compared with the control group.compared to control group (C: 347.9±36.3 μg of AlcianBlue/g of tissue)
(Table 4). However, the treatmentwith GCl (1.2 mg/kg), GBu (1 mg/kg)
and GAq (1 mg/kg) obtained from green-tea; BCl (3.2 mg/kg), BEAc
(2 mg/kg) and BBu (3.2 mg/kg) obtained from black-tea did not alter
the amount of gastricmucus (Table 4). Despite the fact that ethyl acetate
fraction had been themain active fraction on the reduction of the lesions
area, GEAc at 0.6 mg/kg, had no statistically signiﬁcant difference in the
amount of gastric mucus compared to the control group (607.9 ±
25.4 μg of Alcian Blue/g of tissue; C: 430.3 ± 58.8 μg of Alcian Blue/g of
tissue) suggesting that the gastroprotection observed in this fraction
possibly acts by another cytoprotective mechanism.
Together, the results with green- and black-tea extracts (GEt and
BEt) and aqueous fraction from black-tea (BAq) restore the gastric
mucus levels to basal levels. GEt and BEt contain several classes of
compounds such as phenolic compounds, alkaloids, carbohydrates and
lipids. BAq contain mainly quinic acids and their esters, as galloyl and
caffeoyl quinic acid, and mainly ﬂavonoids glycosides of quercetin,
kaempferol, apigenin and myricetin glycosilated in higher amounts
than the equivalent fraction from green-tea (GAq), which may be
contributing to increase the protective factor of the gastric mucosa
(Alarcón de la Lastra, Martín, & Motilva, 1994; Yan et al., 2011).
3.5.2. Effect of green and black-tea hydro-alcoholic extracts and fractions on
GSH levels
Another important cytoprotectivemechanisms against gastric lesion
formation is the reduced glutathione (GSH), which acts as an antioxi-
dant, providing cellular protection against oxidative damage (Grant,
2001). Similar to gastric mucus, the administration of ethanol P.A.
decreased the levels of GSH up to 56% when compared to non-
lesioned group (Table 3).
The treatment with GEt, at doses of 10 and 30 mg/kg, restored the
GSH levels to 419.8 ± 38.0 and 423.8 ± 58.5 μg/g of tissue, when
compared to control group (C: 199.4 ± 20.5 μg/g of tissue) (Table 3).
Moreover, BEt in all tested doses (3, 10 and 30 mg/kg) was able to
maintain the GSH levels in 570.6 ± 121.8, 585.0 ± 73.1 and 655.3 ±
72.5 μg/g of tissue, respectively, compared to control group (C:
223.1 ± 35.4 μg/g of tissue) (Table 3).
The fractions BBu and BAq restored the GSH levels to 316.2 ± 32.0
and 300.2 ± 18.8 μg/g of tissue, respectively, compared to controlP.A. in rats.
Fractions Treatment Mucus
(μg of Alcian
Blue/g of tissue)
GSH
(μg/g of tissue)
Green tea
hydro-alcoholic
fractions
NL 700.0 ± 62.7 386.3 ± 23.9
Control (1 ml/kg) 430.3 ± 58.8# 228.5 ± 30.0#
Omeprazole (40 mg/kg) 676.8 ± 77.2 305.2 ± 39.6
GCl (1.2 mg/kg) 646.9 ± 35.3 323.1 ± 37.3
GEAc (0.6 mg/kg) 607.9 ± 25.4 344.4 ± 41.1
GBu (1 mg/kg) 679.8 ± 92.7 310.7 ± 21.6
GAq (1 mg/kg) 619.1 ± 52.8 336.7 ± 20.0
Black tea
hydro-alcoholic
fractions
NL 665.4 ± 83.9 394.3 ± 24.2
Control (1 ml/kg) 347.9 ± 36.3# 168.3 ± 32.1#
Omeprazole (40 mg/kg) 540.7 ± 64.4 263.0 ± 27.3
BCl (3.2 mg/kg) 416.8 ± 42.6 131.3 ± 40.2
BEAc (2 mg/kg) 435.5 ± 41.4 223.9 ± 29.8
BBu (3.2 mg/kg) 626.6 ± 80.7 316.2 ± 32.0⁎
BAq (1 mg/kg) 743.7 ± 94.8⁎ 300.2 ± 18.8⁎
The results were expressed as mean ± S.E.M. and statistical comparison was performed
using ANOVA followed by Bonferroni's test.
Green- tea hydro-alcoholic fractions: chloroform fraction, GC; ethyl acetate fraction, GEAc;
butanolic fraction, GBu; and aqueous fraction, GAq. Black tea hydro-alcoholic fractions:
chloroform fraction, BC; ethyl acetate fraction, BEAc; butanolic fraction, BBu; and aqueous
fraction BAq.
# P b 0.05 when compared to non-lesionated group (NL).
⁎ P b 0.05 when compared with the control group.
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tions from green-tea (GEt) did not signiﬁcantly restored the GSH levels
(Table 4). Flavonoids glycosides and quinic acids were presented in BBu
and BAq at larger amounts than in fractions from green-tea, and these
compounds were related to have effect on GSH levels (Im et al., 2013).
Thus theymay be responsible for the gastroprotection observed on active
fractions.
3.5.3. Effect of EGCG and rutin on gastric wall mucus and GSH levels
EGCG and rutin were evaluated toward their gastric protection
barriers, being observed that only EGCG (at 0.204 mg/kg, p.o.) restored
the levels of gastric mucus (847.8 ± 119.0 μg of Alcian Blue/g of tissue)
when compared to control group (C: 469.2± 85.0 μg of Alcian Blue/g of
tissue). However, rutin (at 0.0133 mg/kg, p.o.) did not revert themucus
wall depletion (Table 5). Indeed, Hamaishi et al. (2006) also observed
an increase in the rate of gastricmucus in animals treatedwith catechin,
an important component isolated from extract of C. sinensis. Despite the
fact that EGCG is themajor compound of the ethyl acetate fraction from
green-tea (GEAc), this fraction was less effective than isolated EGCG for
restoring the gastricmucus. Thismay be related to the presence of other
compounds in this fraction, which could interfere in the pharmacoki-
netics of the active substance or antagonize its effects.
Alterations on GSH levels were also assayed with isolated EGCG and
rutin. Both EGCG (at 0.204 mg/kg, p.o.) as rutin (at 0.0133 mg/kg, p.o)
did not alter signiﬁcantly the GSH levels after the induction of gastric
lesions (156.5 ± 30.4 and 265.0 ± 41.4, respectively) when compared
to the control group (158.9 ± 29.3) (Table 5). Similar results were
found by Adhikary et al. (2011), which treated rats with EGCG at
200 mg/kg for 3 days and observed that the gastric mucus and GSH
levels were restored in the indomethacin-induced lesions. Moreover,
rutin (200 mg/kg) has restored only the GSH amounts in the gastric
lesions induced by indomethacin but had not effect on lesions induced
by ethanol (Abdel-Raheem, 2010; La Casa et al., 2000).
4. Conclusion
On the basis of chemical analysis, a wide range of compounds could
be identiﬁed in hydro-alcoholic and fractions from green and black-teas
(C. sinensis) as catechins and their gallate and oxidation derivatives,
glycosylated ﬂavonoids, gallic or hydroxycinnamic acids and also esters
of quinic acid and, as well as lipids, saponins and alkaloids. The hydro-
alcoholic extracts of green- and black-teas (GEt and BEt) presented
gastroprotective action, being GEt 2.8 times more potent than BEt, and
the ethyl acetate fraction from green-tea (GEAc) and aqueous fraction
from black-tea (BAq) were, respectively, 6 and 10 times more potent
than their initial extracts. Moreover, epigallocatechin gallate (EGCG),
themain component of GEAc, seems to be responsible for the biological
effect of green-tea, but the same did not occurs with rutin, one of the
major compounds of BAq. These effects could be associated to
maintenance of mucus and GSH levels of gastric mucosa. The difference
in composition between both teas results from processing of the leavesTable 5
Effect of oral administration of EGCG and rutin on mucus and GSH levels in acute gastric
lesions induced by ethanol P.A. in rats.
Treatment Mucus
(μg of Alcian Blue/g of tissue)
GSH
(μg/g of tissue)
NL 915.2 ± 141.2 365.0 ± 21.9
Control (1 ml/kg) 469.2 ± 85.0# 158.9 ± 29.3#
Omeprazole (40 mg/kg) 915.0 ± 98.2⁎ 353.9 ± 48.7⁎
EGCG (0.204 mg/kg) 847.8 ± 119.0⁎ 156.5 ± 30.4
Rutin (0.0133 mg/kg) 533.3 ± 29.9 265.0 ± 41.4
The results were expressed as mean ± S.E.M. and statistical comparison was performed
using ANOVA followed by Bonferroni's test.
# P b 0.05 when compared to non-lesionated group (NL).
⁎ P b 0.05 when compared with the control group.during the manufacturing of teas and the different ability to prevent
gastric lesion may be related to different compounds present in each
analyzed fraction.Acknowledgments
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